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POWER SEMICONDUCTOR DEVICE
HAVING GATE ELECTRODE COUPLING
PORTIONS FOR ETCHANT CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a Continuation of U.S. Ser. No. 13/238,849, filed 21
Sep. 2011, now U.S. Pat. No. 8,969,929, which claims prior-
ity to Japanese Patent Application No. 2010-214822 filed on
Sep. 27, 2010. The contents of the above-identified applica-
tions are incorporated by reference in their entirety.

BACKGROUND

The present invention relates to a technique effectively
applied to a layout technology of a power semiconductor
device (or semiconductor integrated circuit device).

Japanese Unexamined Patent Publication No. 2006-
228882 (Patent Document 1) discloses a technique for avoid-
ing undesired etching of an interlayer insulating film from its
side by burying an integral polysilicon strip intersecting a
word line when forming a polysilicon burying a contact in a
dynamic random access memory (DRAM) chip.

Japanese Unexamined Patent Publication No. 2006-54483
(Patent Document 2) discloses a gate electrode having a struc-
ture with an inside region thereof removed in a planar vertical
power MOSFET for the purpose of reduction in gate capaci-
tance.

SUMMARY

An insulated gate power semiconductor active element,
such as a power MOSFET, presently includes a number of
gate electrodes arranged linearly in parallel, an interlayer
insulating film covering the gate electrodes, a relatively thin
barrier metal film, and a relatively thick aluminum electrode
film which are laminated over the insulating film. When a
region between the gate electrodes extending in parallel is
buried in the thick aluminum electrode film, a void extending
together with the gate electrode is generated at the center of
the buried region in many cases. Such a void may possibly
lead to failures in metal process treatment.

Specifically, when the aluminum electrode film is pat-
terned, for example, by wet etching with an elongated void
formed in the electrode film, the etching solution would pen-
etrate the electrode film through the elongated void to etch a
part of the aluminum electrode film which is to be essentially
left, that is, an active cell part.

The invention of the present application has been made so
as to solve the foregoing problems.

Accordingly, it is an object of the invention to provide a
power semiconductor device with high reliability.

The above and other objects and the novel features of the
invention will become apparent from the description of the
present specification and the accompanying drawings.

The outline of representative aspects of the invention dis-
closed in the present application will be briefly described
below.

That is, one aspect of the invention disclosed in the present
application is directed to an insulated gate power semicon-
ductor device which includes a plurality of gate electrodes
provided via a gate insulating film to protrude outward from
the inside of an active cell region, and a gate electrode cou-
pling portion for coupling the gate electrodes outside the
active cell region. The gate electrode coupling portion is
covered with a metal electrode covering the active cell region.
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2

The effects obtained by representative aspects of the inven-
tion disclosed in the present application will be briefly
described below.

That is, the insulated gate power semiconductor device
includes a plurality of gate electrodes provided via a gate
insulating film to protrude outward from the inside of an
active cell region, and a gate electrode coupling portion for
coupling the gate electrodes outside the active cell region.
The gate electrode coupling portion is covered with a metal
electrode covering the active cell region. This arrangement
can prevent the introduction of defects due to a manufacturing
process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a DC-DC down-converter for
explaining typical applications, such as a power MOSFET,
which is one example of a power semiconductor device
according to one embodiment of the invention in the present
application;

FIG. 2 is an extensive plan view of an inner region at an
upper surface of a chip for explaining the outline of a gate
electrode layout corresponding to the semiconductor device
of'the present application (in which a gate electrode coupling
portion near the cell is comprised of a plurality of coupling
bars;

FIG. 3 is an extensive plan view of an inner region at an
upper surface of a chip for explaining a first modified example
(single coupling bar) of the gate electrode layout shown in
FIG. 2;

FIG. 4 is an extensive plan view of an inner region at an
upper surface of a chip for explaining a second modified
example (zig-zag coupling bar) of the gate electrode layout
shown in FIG. 2;

FIG. 5 is a front view of an entire chip for explaining a
specific planar structure of a power MOSFET device, which
is one example of the power semiconductor device according
to the one embodiment of the invention in the present appli-
cation;

FIG. 6 is a front view of a part of the chip showing the
details of the layout of a cut portion R1 in the protruding
direction of the gate electrode shown in FIG. 5;

FIG. 7 is an exemplary cross-sectional view of the device
taken along the line Y-Y' of FIG. 6;

FIG. 8 is a front view of a part of the chip showing the
details of the layout of a cut portion R2 of the side of the gate
electrode shown in FIG. 5;

FIG. 9 is an exemplary cross-sectional view of the device
taken along the line X-X' of FIG. 8;

FIG. 10 is a local front view of a chip showing a basic
layout of a cut portion R3 around the gate electrode coupling
portion near the cell shown in FIG. 6;

FIG. 11 is a local front view of a chip showing a layout
corresponding to a modified example regarding the dimen-
sion of a cut portion R3 around the gate electrode coupling
portion near the cell shown in FIG. 6;

FIG. 12 is a process block flowchart for explaining a main
part of a wafer process line of the power MOSFET which is
one of the power semiconductor device according to the one
embodiment of the invention in the present application;

FIGS. 13-22 are all cross-sectional views substantially
taken along the line A-A' of FIG. 6 for explaining a main part
of'the wafer process line of a power MOSFET in accordance
with one embodiment of the present invention, and showing
the device at different stages of formation, with:
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FIG. 13 showing the power MOSFET from the step of
forming a gate insulating film to the step of depositing a hard
mask film made of silicon oxide;

FIG. 14 showing the power MOSFET in the step of pro-
cessing the gate electrode or the like;

FIG. 15 showing the power MOSFET in the step of intro-
duction of ions to form a P-type base region;

FIG. 16 showing the power MOSFET in the step of intro-
duction of ions to form an N-type source extension region;

FIG. 17 showing the power MOSFET in the step of form-
ing a sidewall;

FIG. 18 showing the power MOSFET in the step of intro-
duction of ions to form an N*-type source region;

FIG. 19 showing the power MOSFET in the step of form-
ing a contact hole and the like;

FIG. 20 showing the power MOSFET in the step of depos-
iting a barrier metal film;

FIG. 21 showing the power MOSFET in the step of wet-
etching an aluminum metal electrode film; and

FIG. 22 showing the power MOSFET in the step of dry-
etching a barrier metal film.

DETAILED DESCRIPTION

First, the outline of representative preferred embodiments
of the invention disclosed in the present application will be
described below.

1. A power semiconductor device according to a first aspect
of'the invention includes: (a) a semiconductor chip with first
and second main surfaces; (b) a plurality of gate electrodes
provided via a gate insulating film so as to protrude outward
from an inside of an active cell region over the first main
surface of the semiconductor chip; (c) a gate electrode cou-
pling portion integrally coupling intermediate parts of the
gate electrodes together outside the active cell region over the
first main surface of the semiconductor chip; (d) an interlayer
insulating film covering the gate electrodes and the gate elec-
trode coupling portion over the first main surface of the semi-
conductor chip; and (e) a first metal electrode covering the
active cell region and surroundings thereof over the interlayer
insulating film. The gate electrode coupling portion between
the gate electrodes is covered with the first metal electrode.
The first metal electrode includes (el) a barrier metal film;
and (e2) a metal electrode film provided over the barrier metal
film so as to be thicker than the barrier metal film, and com-
prised of aluminum as a principal component.

2. Inthe semiconductor device according to the first aspect,
the gate electrode couplings are provided close to each other.

3. In the semiconductor device according to the first or
second aspect, the gate electrode coupling portion is substan-
tially linear.

4. In the semiconductor device according to any one of the
first to third aspects, the gate electrode coupling portion has
substantially the same width as that of each of the gate elec-
trodes.

5. In the semiconductor device according to any one of the
first to third aspects, the width of the gate electrode coupling
portion is wider than that of each of the gate electrodes.

6. In the semiconductor device according to any one of the
first to fifth aspects, the gate electrode coupling portion is
formed of the same layer material as that of the gate elec-
trodes.

7. In the semiconductor device according to any one of the
first to sixth aspects, the power semiconductor device is a
power MISFET including a linear gate electrode structure.
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8. In the semiconductor device according to any one of the
first to seventh aspects, the power semiconductor device is a
power MISFET having a planar structure.

9. In the semiconductor device according to any one of the
first to seventh aspects, the power semiconductor device is a
split gate power MISFET having a planar structure.

10. In the semiconductor device according to any one of the
first to ninth aspects, no insulating film which is thicker than
the gate insulating film exists between the first main surface
of the semiconductor chip and the gate electrode coupling
portion.

Explanation of Description Format, Basic Terms, and Usage
in Present Application

1. In the present application, the description of the follow-
ing preferred embodiments may be divided into sections, for
convenience if necessary, but these embodiments are not
independent from each other except when specified other-
wise. These embodiments correspond to the respective parts
of'a single example. Alternatively, one of the embodiments is
amodified example of a detailed part, a part, or all of the other.
The repeated description of the same part will be omitted
below in principal. Further, a specific value regarding the
respective components or the like of the following embodi-
ments is not essential except when specified otherwise,
except when clearly limited thereto in principal, and unless
the context clearly indicates otherwise.

Further, the term “transistor”, “semiconductor device”, or
“semiconductor integrated circuit device” as used in the
present application mainly means various kinds of single
transistors (active elements), or devices essentially including
such transistors with a resistor, a capacitor, and the like, which
are integrated on a semiconductor chip or the like (for
example, amonocrystalline silicon substrate). Various typical
transistors can include, for example, a metal insulator semi-
conductor field effect transistor (MISFET), typified by a
metal oxide semiconductor field eftect transistor (MOSFET).
The term “MOSFET” as used in the present application may
include not only a transistor using a gate insulating film made
of an oxide film, but also a transistor using a gate insulating
film made of any insulating film other than the oxide film.

2. Likewise, in the description of the embodiments or the
like, the phrase “X made of A” about material, composition,
or the like does not exclude a member containing an element
other than A as a principal component, except when specified
otherwise, and unless the context clearly indicates otherwise.
For example, as to the component, the above phrase means “X
containing A as a principal component” or the like. It is
apparent that for example, the term “a silicon member” or the
like is not limited to pure silicon, and may mean a member
including a multicomponent alloy containing SiGe alloy or
other silicon materials as a principal component, and other
additives or the like. Likewise, it is apparent that the term
“silicon oxide film”, “silicon-oxide-based insulating film”, or
the like means not only a film made of relatively pure undoped
silicon dioxide; but also a thermally-oxidized film made of
fluorosilicate glass (FSG), TEOS-based silicon oxide, silicon
oxicarbide (SiOC), carbon-doped silicon oxide, organosili-
cate glass (OSG), phosphorus silicate glass (PSG), borophos-
phosilicate glass (BPSG), or the like; a CVD oxide film; a
coating type silicon oxide film made of spin on glass (SOG),
nano-clustering silica (NCS), or the like; a silica-based
Low-k insulating film (porous insulating film) provided by
introducing holes into the same member as the above-men-
tioned film; and a composite film of another silicon-based
insulating film containing the above material as a principal
component.
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3. Likewise, it is apparent that preferred examples of dia-
grams, positions, properties, and the like will be described
below in the embodiments, but the invention is not strictly
limited thereto except when specified otherwise, and except
when indicated otherwise from the context.

4. Further, when referring to a specific value or quantity, the
invention may have a value exceeding the specific value, or
may have a value less than the specific value except when
specified otherwise, except when limited to the specific value,
and except when clearly indicated otherwise from the con-
text, in theory.

5. The term “wafer” generally indicates a single crystal
silicon wafer over which a semiconductor device (note that
the same goes for a semiconductor integrated circuit device,
and an electronic device) is formed, but may include a com-
posite wafer comprised of an insulating substrate, such as an
epitaxial wafer, an SOI wafer, or a LCD glass substrate, and a
semiconductor layer or the like.

6. The term “power semiconductor” as used in the present
application indicates a semiconductor device which can
handle power of several watts or more. A power MOSFET, a
power insulated gate bipolar transistor (IGBT), and the like
belong to an “insulated gate power transistor”. Therefore, all
normal power MOSFETs are included in the “power semi-
conductor”.

A power MOSFET having a source at the front surface
thereof and a drain at the back surface thereof is regarded as
a vertical power MOSFET.

The “trench-gate power MOSFET” among the vertical
power MOSFETs is a MOSFET which normally includes a
gate electrode made of polysilicon or the like in a trench
(relatively elongated groove) formed at a device surface (first
main surface) of a semiconductor substrate with a channel
formed in the direction of thickness of the semiconductor
substrate (in the longitudinal direction). In this case, the
device surface side of the semiconductor substrate serves as
the source, and the back surface side (second main surface
side) of the semiconductor substrate serves as the drain.

A part of the main part of the gate electrode (part except for
an electrode lead portion) may extend off the trench.

An insulated gate bipolar transistor (IGBT) is provided by
adding a collector layer of a conduction type different from
that of a drain region onto the drain side of a vertical power
MOSFET, from the structural viewpoint. The source of the
vertical power MOSFET as a component is called “emitter”
for practical purposes. In the present application, except
when especially the term “emitter” needs to be used, this
component of the original vertical power MOSFET is repre-
sented by the “source”. The terms “source”, “source region”,
“source electrode”, and the like are also used in this case.
Since the IGBT has substantially the same layout of the
device surface as that of the vertical power MOSFET, the
following description on the vertical power MOSFET can be
applied to the IGBT in the preferred embodiments of the
invention in the present application.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred embodiments will be further described
below in detail. In each drawing, the same or similar part is
designated by the same or similar reference character or
numeral, and a description thereof will not be repeated in
principal.

In the accompanied drawings, hatching or the like will be
omitted even in some cross-sectional views when a hatched
part possibly becomes complicated or when a part to be
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hatched is clearly distinguished from a space. In this context,
even the outline of a hole planarly closed may be omitted as is
evident from the description or the like. In order to clearly
demonstrate that a part of interest is not a void, hatching may
be given to a drawing which is not a cross-sectional view.

1. Explanation of Typical Applications of Power
Mosfet and the Like as One Example of Power
Semiconductor Device in One Embodiment of the
Invention in Present Application

In this section, in order to clearly define the characteristics
of the power MOSFET as one example of the power semi-
conductor device of the one embodiment in the present appli-
cation, atypical application circuit will be described below by
way of example. It goes without saying that the power semi-
conductor device (especially, an insulated gate power active
element), such as the power MOSFET, as described in the
present application is not limited to such a specific applica-
tion.

FIG. 1 is a circuit diagram of a DC-DC down-converter for
explaining a typical application of the power MOSFET and
like as one example of the power semiconductor device
according to one embodiment of the invention in the present
application.

As shown in FIG. 1, the DC-DC down-converter (DC)
decreases a power-supply voltage (for example, ofabout 15to
20 volts) supplied from a voltage source VS by on/off control
using anupper side first MOSFET(Q1) which is controlled by
a control circuit CC. An output is produced as a low voltage of
the DC power supply (for example, of about 1 volt, 3 volts, 5
volts, and the like) from an output terminal Vdd of the power
supply and a ground terminal Gnd through a smoothing cir-
cuit comprised of an inductance element L and a capacitor C.
The lower side second MOSFET (Q2) is an active switch
instead of a free wheel diode.

The power MOSFET which is one example of the power
semiconductor device according to one embodiment of the
invention in the present application is mainly used as an
upper-side MOSFET (Q1) in the example of application.

2. Explanation of Outline of Gate Electrode Layout
Corresponding to Semiconductor Device in One
Embodiment of the Invention in Present Application

In this section, the outline of the gate electrode correspond-
ing to the semiconductor device of the one embodiment will
be described below by taking a simple layout of the power
MOSFET described in section 1 as an example. The layout
below in the example shown in FIG. 2 is basically the same as
that shown in each of FIGS. 5 to 9, but is a simpler embodi-
ment for convenience of explanation.

FIG. 2 is an extensive plan view of an inner region at an
upper surface 1a of a chip for explaining the outline of a gate
electrode layout corresponding to the semiconductor device
of'the one embodiment of the present application (in which a
gate electrode coupling portion near a cell is comprised of a
plurality of coupling bars in the one embodiment). Based on
this figure, the outline of the gate electrode layout corre-
sponding to the semiconductor device according to one
embodiment of the invention in the present application will be
described below.

FIG. 2 shows the outline of the layout of an inside region 2i
of'a semiconductor chip upper surface 1a including an active
cell region 7, a gate electrode end 17, and the like. As shown
in FIG. 2, in this example, a number of gate electrodes 9
extend in parallel substantially at equal intervals (note that in
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the example described in section 4 or the like, the gate elec-
trodes are not necessarily arranged at equal intervals) almost
across the active cell region 7 towards the outside. The gate
electrodes 9 are intercoupled to each other by a gate wiring 14
as alower layer (“lower layer gate wiring”) outside the active
cell region 7. It is not essential that the gate electrodes are
coupled at this part, and are intercoupled to each other (be-
cause they are intercoupled to each other by an aluminum
metal layer as an upper layer).

For present purposes, the region outside and immediately
adjacent to the active cell region 7 is considered to be a
“non-cell region”. A first gate electrode coupling portion 11
near the cell has a dam structure (near-cell dam structure) for
preventing failures in the manufacturing process of a metal
source electrode 8 (first metal electrode) located in the vicin-
ity of the outside of the active cell region 7, i.e., located in the
non-cell region immediately adjacent to the active cell region
7. The first gate electrode coupling portion 11 may be com-
prised of, for example, two near-cell parallelly extending gate
electrode coupling bars 11a and 115 (note that the upper sides
of these gate electrode coupling portions need to be covered
with the metal source electrode 8). The first gate electrode
coupling 11 and its near-cell gate electrode coupling bars 11a
and 115 are integrally formed of the same material layer as the
gate electrode 9, are formed at the same time as the gate
electrode and so generally occupy a same depth level in the
device. Such gate electrode coupling bars 11a and 115 are
provided next to each other, which is effective in terms of
occupation area.

The number of near-cell gate electrode coupling bars form-
ing the near-cell gate electrode coupling portion 11 may be a
value other than two as described later. As the number of the
coupling bars becomes more, the dam characteristics are
improved. In contrast, a distance between the outer edge of
the active cell region 7 and the outer edge of the metal source
electrode 8 is made longer to thus increase an occupation area
of the metal source electrode 8.

Such a dam structure works not only near the outer edge of
the active cell region 7, but also under the gate wiring 6
(aluminum gate wiring) as the upper layer (“upper layer gate
wiring”) near the gate electrode end 17. This is a second gate
electrode coupling portion 12 at the end of the gate. Like the
near-cell first gate electrode coupling portion 11, the number
of gate electrode coupling bars forming the gate-end second
gate electrode coupling portion 12 may be a value other than
one.

3. Explanation of Outline of First and Second
Modified Examples of Gate Electrode Layout
Corresponding to Semiconductor Device According
to One Embodiment of the Invention in Present
Application

In this section, a modified example of the near-cell dam
structure and the near-gate-end dam structure described in
section 2 will be described below. A description will be given
of'the near-cell dam structure, and thus can also be applied to
the near-gate-end dam structure.

FIG. 3 is an extensive plan view of an inner region at an
upper surface of a chip for explaining the first modified
example (single coupling bar) of the gate electrode layout
shown in FIG. 2. FIG. 4 is an extensive plan view of an inner
region at an upper surface of a chip for explaining the second
modified example (zig-zag coupling bar) of the gate electrode
layout shown in FIG. 2. Based on these figures, the outline of
the first and second modified examples of the gate electrode
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layout corresponding to the semiconductor device according
to the one embodiment in the present application will be
described below.

FIG. 3 shows the first modified example. As shown in FI1G.
3, in this example, the number of the near-cell gate electrode
coupling bars forming the near-cell gate electrode coupling
portion 11 is one. As the number of coupling bars becomes
less, the distance between the outer edge of the active cell
region 7 and the outer edge of the metal source electrode 8 can
be lessened, so that an occupation area of the metal source
electrode 8 is decreased.

In the second modified example as shown in FIG. 4, the
near-cell gate electrode coupling portion 11 can be formed in
the zig-zag structure and not as the linear near-cell gate elec-
trode coupling bar.

4. Explanation of Device Structure of Power Mosfet

In this section, the device structure in the power MOSFET
will be more specifically described as one example of the
power semiconductor device of the embodiment. In this sec-
tion, the following cross-sectional views are relatively exem-
plary ones. The more detailed description of processes to
make such a device will be given below.

For convenience, an N-channel type device structure hav-
ing an N-epitaxial layer formed as a drift region over an
N-type silicon single crystal substrate will be explained
below, but the invention of the present application is not
limited thereto.

Now, a split gated vertical planar type power MOSFET
which tends to generate voids in a metal electrode will be
described below. However, the following description can also
be applied to a power MOSFET having a liner gate structure,
such as a normal vertical planar power MOSFET, or a trench
gate power MOSFET, as well as an insulated gate bipolar
transistor (IGBT) in the same way.

FIG. 5 is a front view of an entire chip for explaining a
specific planar structure of a power MOSFET device, which
is one example of the power semiconductor device according
to one embodiment of the invention in the present application.
FIG. 6 is a front view of a part of the chip, showing the details
of the layout of a cut portion R1 of a gate electrode in the
protruding direction of the electrode shown in FIG. 5. FIG. 7
is an exemplary cross-sectional view of the device taken
along the line Y-Y' of FIG. 6. FIG. 8 is a front view of a part
of the chip showing the details of the layout of a cut portion
R2 of the gate electrode shown in FIG. 5. FIG. 9 is an exem-
plary cross-sectional view of the device taken along the line
X-X"'of FIG. 8. Based on these figures, the device structure of
the power MOSFET will be described below.

As shown in FIG. 5, a guard ring 3 (for example, comprised
ofabarrier metal film as a lower layer, and an aluminum metal
electrode film as an upper layer) is provided at the outer end
of'the upper surface 1a of the power MOSFET chip 2. Inside
the guard ring, a field limiting ring 4 or a floating field ring is
provided. For example, an upper layer gate wiring 6 having a
substantially U shape (for example, comprised of a barrier
metal film as a lower layer, and an aluminum metal electrode
film as an upper layer) is provided inside the field limiting
ring 4. A part of the upper layer gate wiring 6 serves as a gate
pad 5.

The active cell region 7 occupying a relatively large area is
further provided inside the field limiting ring 4 and the upper
layer gate wiring 6. For example, the active cell region 7 is
provided with anumber of linear gate electrodes 9 disposed in
parallel, and having a repeated structure. At least one end of
the gate electrode 9 extends under the upper layer gate wiring
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6. This figure (see FIG. 5) shows only a part of the so-called
intrinsic gate electrode (if all of the gate electrodes were to be
illustrated, the number of the gate electrodes will be within a
range of several hundred to several thousand or more, which
will make it difficult to understand the figure). The metal
source electrode 8 (for example, comprised of a barrier metal
film as a lower layer, and an aluminum metal electrode film as
anupper layer) generally covers the entire active cell region 7,
and extends beyond the entire periphery of the active cell
region 7 to cover its surroundings.

FIG. 6 shows the details of a cut portion R1 in the direction
of'protrusion of the gate electrodes shown in FIG. 5. As shown
in FIG. 6, at the left end, a P-type field limiting ring 4 is
positioned, while on the right side, a P-type ring region 18 is
provided to surround the active cell region 7 with an N-type
drift region 19 (N-epitaxial layer 1¢) sandwiched between the
P-type field-limiting ring 4 and the P-type ring region 18.

The gate electrodes 9 extend in a linear manner along a first
direction, each gate electrode comprising an intrinsic portion
9i (“first portion”) found in the active cell region 7 and a lead
portion 97 (“second portion”) found in the non-cell region and
connecting to the intrinsic portion 9i. Each gate electrode 9, or
more particularly its lead portion 97, terminates in a gate
electrode end 17 in the non-cell region. Within the non-cell
region, and extending along a second direction transverse to
the first direction, are a near-cell first gate electrode coupling
portion 11, a gate-end second gate electrode coupling portion
12, and the lower layer gate wiring 14. As seen in the front
view of, e.g., FIG. 6, the gate electrode coupling portions 11,
12 and the lower layer gate wiring 14 all extend perpendicular
to the gate electrodes 9, and are adapted to couple the lead
portions 9 of the gate electrodes 9 in the non-cell region. As
best seen in FIG. 6, the gate electrodes’ intrinsic and lead
portions 9i, 9¢, the first and second gate electrode coupling
portions 11 and 12, and the lower layer gate wiring 14 may
comprise an integrally formed multi-layer structure, the vari-
ous portions being formed at the same time, having the same
material layers and occupying a same depth in the finished
device.

A coupling portion 15 between the gate electrode and the
gate metal is provided at the center of the gate electrode end
17 to establish coupling with the upper layer gate wiring 6. As
mentioned above, the near-cell gate electrode coupling por-
tion 11 and the gate-end gate electrode coupling portion 12
are covered with the metal source electrode 8 and the upper
layer gate wiring 6, respectively. Gate split regions 21 and
P*-type body contact regions 16 are alternatingly provided
between the gate electrodes 9 in the active cell region 7.

An example of the dimension of respective components
shown in FIG. 6 will be as follows. That is, the width of each
of the intrinsic gate electrode 9/ and the gate electrode lead
portion 97 is, for example, about 0.5 micrometers. Each of a
distance between the gate electrode coupling bars 11a and
115 located close to each other, and a distance between an
inner end of the near-cell gate electrode coupling portion 11
(active cell side of the gate electrode coupling bar 115) and
the active cell 7 is in a range of about 0.5 to 2 micrometers. A
distance between the gate electrodes (a pair of gate electrodes
opposed to each other between split gates with the P*-type
body contact region 16 sandwiched therebetween) is, for
example, substantially in a range of 1.1 to 1.5 micrometers.

FIG. 7 shows a device structure corresponding to the cross-
section taken along the line Y-Y' of FIG. 6. As shown in FIG.
7, the power MOSFET has a main structure formed on an
upper surface 1a side of the N-epitaxial layer 1le (N—type
drift region 19) over the N-type silicon single crystal substrate
is having a lower surface 15. The P-type ring region 18 around
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the active cell region, the P*-type body contact region 16, the
N-type source region 22, and the like are provided at a super-
ficial surface region of the N-epitaxial layer 1e.

The gate electrode structure 9, that is, the near-cell gate
electrode coupling portion 11, the gate-end gate electrode
coupling portion 12, the lower layer gate wiring 14, and the
gate electrode end 17 are provided over the P-type ring region
18 around the active cell region via a gate insulating film 23
(or an insulating film formed at the same time as the gate
insulating film). Such a gate electrode structure is covered
with a second insulating film 32 for forming sidewalls and an
interlayer insulating film 37. The interlayer insulating film 37
is partially covered with the barrier metal film 20 (for
example, TiW film) and the aluminum metal electrode film 10
(containing aluminum as a principal component, and several
percentage(%) or less of an additive). The interlayer insulat-
ing film 37, the barrier metal film 20 and the aluminum metal
electrode film 10 together form the metal source electrode 8
(“first metal electrode™) and the upper layer gate wiring 6 (or
gate pad 5). As best seen in FIGS. 6 and 7, the first metal
electrode 8 overlies the first portions 9i of the gate electrodes
9 and also overlies the first gate electrode coupling portion 11
(coupling bars 11a, 115), but does not overlie the gate elec-
trode ends 17 or the lower layer gate wiring 14.

The gate electrode 9 (gate electrode structure) forms an
integral laminated structure. In this case, the gate electrode 9
is comprised of, for example, a polysilicon film 24 as a lower
layer, a silicide film 25 made of an intermediate layer WSi
film or the like, and a silicon oxide cap film 26 as the upper
layer or the like.

FIG. 8 shows an enlarged plan view of a cut portion R2 of
the side of the gate electrode shown in FIG. 5. As shown in
FIG. 8, the P-type field limiting ring 4 is positioned at the
leftmost side, and the P-type ring region 18 around the active
cell is provided on the right side with the N-type drift region
19 sandwiched between the ring 4 and the region 18. The
active cell region 7 is positioned inside the vicinity of the
inner end of the P-type ring region 18 around the active cell
region. The substantially linear gate electrodes 9 (intrinsic
gate electrodes 9i) are provided at substantially equal inter-
vals (in this case, exactly, at completely equal intervals). The
P*-type body contact regions 16 and the gate split regions 21
are alternatingly provided between the intrinsic gate elec-
trodes 9i. The lower layer gate wiring 14 is provided over the
P-type ring region 18 around the active cell region via the gate
insulating film 23 (see FIG. 7). Further, the upper layer gate
wiring 6 (comprised of the barrier metal film 20 as the lower
layer and the aluminum metal electrode film 10 as the upper
layer) is provided above the P-type ring region 18 around the
active cell region 7 at the outer periphery (left side shown in
FIG. 8) of the lower layer gate wiring 14. The metal source
electrode 8 extends beyond, and surrounds, the active cell
region 7 in the same way as seen FIG. 5 or FIG. 6.

FIG. 9 shows the cross-section taken along the line X-X' of
FIG. 8. As shown in FIG. 9, the power MOSFET has a main
structure formed on the upper surface 1a side of the N-epi-
taxial layer 1e (N—type drift region 19) over the N-type
silicon single crystal substrate 1s. The P-type ring region 18
around the active cell region, the P*-type body contact region
16, the N-type source region 22, and the like are provided at
a superficial surface region of the N-epitaxial layer 1e.

The gate electrode structure 9, that is, the intrinsic gate
electrode 91, the gate electrode 9p at the end of the active cell
region (a dummy structure or an edge termination structure
not operating as a MOSFET), and alower layer gate wiring 14
are provided at the P-type ring region 18 around the active cell
region via a gate insulating film 23 (or an insulating film
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formed at the same time as the gate insulating film). Such a
gate electrode structure is covered with the second insulating
film 32 for forming sidewalls and the interlayer insulating
film 37 (note that such a multilayered insulating film inside
the active region 7 is collectively referred to as an inside-
active region gate-electrode peripheral insulating film 30).
The interlayer insulating film 37 is partially covered with the
barrier metal film 20 (for example, TiW film) and the alumi-
num metal electrode film 10 (containing aluminum as a prin-
cipal component, and several percentage(%) or less of an
additive). The interlayer insulating film 37, the barrier metal
film 20 and the aluminum metal electrode film 10 together
form the metal source electrode 8 and the upper layer gate
wiring 6 (or gate pad 5).

The gate electrode 9p near the end of the active cell region
forms the so-called dummy cell UCD. On the other hand, the
unit cell UC forming the main part of the active cell region 7
has a symmetric structure with respect to a symmetry plane
corresponding to a unit cell center line LS. The unit cell UC is
repeated hundreds to thousands times.

5. Additional Explanation About Width of Gate
Electrode or the Like of Power Mosfet

In this section, the interrelation on width between respec-
tive parts of the gate electrode structure described above will
be described below.

FIG. 10 is a local front view of a chip showing a basic
layout of a cut portion R3 around the gate electrode coupling
portion near the cell shown in FIG. 6. FIG. 11 is a local front
view of a chip showing a layout corresponding to a modified
example regarding the dimension of the cut portion R3
around the near-cell gate electrode coupling portion shown in
FIG. 6. Based on these figures, additional description will be
given about the width of the gate electrode or the like in the
power MOSFET.

As shown in FIG. 10, in the gate electrode of the power
MOSFET, the first width T1 of the gate electrode lead portion
9¢ is normally the same as the width T1 of the intrinsic gate
electrode 9i. In the example seen in FIG. 10, the second width
T2 of the near-cell gate electrode coupling portion 11 (that is,
the width of a part other than the gate electrode lead portion 9¢
and the intrinsic gate electrode 9i in the gate electrode struc-
ture), more accurately, the width of each of the near-cell gate
electrode coupling bars 11a and 115 forming the transversely
extending near-cell gate electrode coupling portion 11 is sub-
stantially equal to the first width T1. The same goes for the
gate-end gate electrode coupling portion 12, the lower layer
gate wiring 14, and the like. Thus, the widths of the respective
components comprised of the same material layer are set to
the substantially same value, which can facilitate the process-
ing of the layer.

FIG. 11 shows a modified example corresponding to FIG.
10. As shown in FIG. 11, the modified example satisfies the
following equation: width T2>width T1. In other words, the
first width T1 of the gate electrodes is smaller that the second
width of the gate electrode coupling bars 11a, 1156. By this
arrangement, the dam effect of the etching is improved. On
the other hand, a distance between the end of the active cell
region 7 and the end of the metal source electrode 8 is disad-
vantageously increased. The easiness of processing in FIG.
10 is better than that in FIG. 11.

6. Explanation of Main Parts of Wafer Processing to
from Power Mosfet

This section will specifically describe an example of the
MOSFET having a source/drain breakdown voltage of about
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several tens volts, or less. A manufacturing process of a gen-
eral planar vertical MOSFET involves producing an edge
termination structure, such as a field plate. In the planar type
vertical MOSFET, a relatively thick field insulating film is
provided under a gate electrode. In contrast, in order to sim-
plify the process, the following process does not form an
insulating film thicker than a gate oxide film under such a gate
electrode (which is hereinafter referred to as a “non-field
insulating film structure”). However, it is needless to say that
the invention of the present application is not limited to such
anon-field insulating film structure. It is noted that because of
such a structure, the gate lead portion disadvantageously has
to be comprised of an integral laminated structure without any
opening so as to reduce unnecessary gate capacitance (note
that the split gate structure is also based on the same reason).

FIG. 12 is a process block flowchart for explaining the
main wafer processing steps to form the above-described
power MOSFET. FIGS. 13-22 are device cross-sectional
views, each substantially corresponding to the cross section
taken along the line A-A' of FIG. 6, to show various interme-
diate stages in the formation of the power MOSFET.

FIG. 13 shows the device from the step of forming a gate
insulating film to the step of depositing a hard mask film made
of silicon oxide. FIG. 14 shows the device in the step of
processing a gate electrode or the like. FIG. 15 shows the
device in the step of introduction ofions to form a P-type base
region. FIG. 16 shows the device in the step of introduction of
ions to form an N-type source extension region. FIG. 17
shows the device in the step of forming a sidewall. FIG. 18
shows the device in the step of introduction of ions to form an
N*-type source region. FIG. 19 shows the device in the step of
forming a contact hole and the like. FIG. 20 shows the device
in the step of depositing a barrier metal film. FIG. 21 shows
the device in the step of wet-etching an aluminum metal
electrode film. FIG. 22 shows the device in the step of dry-
etching a barrier metal film. Based on these figures, the main
steps of the wafer process of the power MOSFET will be
described.

As shown in FIG. 12, first, for example, an N-type silicon
single crystal wafer is of 200 mm in diameter with a plane
direction (100) is prepared. Wafers of other sizes and having
abore 0f 300 or 450 mm in diameter, or some other value, and
aresistance of, for example, about 1 to 2 m£2-cm, may instead
be prepared. According to a necessary breakdown voltage, an
N-type silicon epitaxial layer (doped with, for example, phos-
phorus, and having a resistance of, for example, 0.1 to 0.3
m&2-cm) having a thickness of, about 1.3 to 3.3 micrometers
is deposited to form a wafer 1 with the epitaxial layer attached
thereto. Subsequently, a gate oxide film 23 (gate insulating
film) is formed over an upper surface 1a (first main surface) of
the wafer 1 with the epitaxial layer, for example, by thermal
oxidation (in a thickness of, for example, about 20 to 40 nm).
Subsequently, for example, a phosphorus-doped polysilicon
film 24 (having a thickness of, for example, about 200 to 400
nm) is deposited over the gate oxide film 23 by chemical
vapor deposition (CVD) or the like.

Further, a WSi film 25 (silicide film) having a thickness, for
example, of 100 to 200 nm is formed over the polysilicon film
24. The deposition of the WSi film 25 can be performed, for
example, by sputtering or the like using a WSi target.

Subsequently, a silicon oxide insulating film is deposited as
a gate cap film 26 (having a thickness of, for example, 150 to
350 nm) over the WSi film 25, for example, by the CVD.

Then, as shown in FIG. 14, the silicon oxide insulating film
is patterned by dry etching or the like using the gate cap film
26 as a hard mask.
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Next, as shown in FIG. 15, a resist film 27 for introducing
a P-type base region is formed over the upper surface 1a side
of'the wafer 1, and then oblique ion implantation is performed
(forexample, at an inclination angle of about 30 to 45 degrees,
and in four directions four times) using the resist film 27 as a
mask for ion implantation to thereby form a P-type channel
region 28 (P-type base region) and a P-type ring region 18
around the active cell region. Specifically, the conditions for
implantation are, for example, as follows.

That is,

(1) First Step: ions of boron; implantation energy of, for
example, about 150 to 250 KeV; and a dose amount (in total
when performing implantation four times) of, for example,
about 2x10**/cm® to 2x10**/cm®, (2) Second Step: ions of
boron; implantation energy of, for example, about 70 to 170
KeV; and a dose amount (in total when performing implan-
tation four times) of, for example, about 3x10'*/cm? to
3x10"3/em?, (3) Third Step: ions of boron; implantation
energy of, for example, about 30 to 130 KeV; and a dose
amount (in total when performing implantation four times)
of, for example, about 4x10'%/cm? to 4x10"3/cm?.

Thereafter, the unnecessary resist film 27 for introduction
of the P-type base region is removed.

Then, as shown in FIG. 16, a resist film 31 for introduction
of the N-type source extension region is formed over the
upper surface 1a of the wafer 1, and the normal ion implan-
tation (for example, vertical implantation) is performed using
the resist film 31 as a mask for ion implantation to thereby
form an N-type source extension region 225.

The conditions for ion implantation can be exemplified as
follows: ions of arsenic; implantation energy of, for example,
about 30 to 90 KeV; and a dose amount in a preferable range
of, for example, about 7x10*3*/cm® to 7x10'*cm®. After
completion of the ion implantation, the unnecessary resist
film 31 for introduction of the N-type source extension region
is removed.

Then, as shown in FIG. 17, for example, a silicon oxide
insulating film (having a thickness of, for example, 150 t0 350
nm) is deposited as the second insulating film 32 for forma-
tion of sidewalls over the entire upper surface 1a of the wafer
1 by the CVD using, for example, tetracthylorthosilicate
TEOS. Subsequently, a resist film 33 for formation of side-
walls is formed, and anisotropic dry etching is performed
using the resist film 33 as a mask to thereby form a sidewall
spacer 32w, a hole 34 for coupling, and the like. Thereafter,
the unnecessary resist film 33 for formation of the sidewalls is
removed.

Then, as shown in FIG. 18, for example, a silicon oxide
insulating film (having a thickness of, for example, 10 to 30
nm) is deposited as a sidewall cap film 29 over the entire
upper surface 1a of the wafer 1, for example, by the CVD
using the TEOS. Subsequently, the resist film 35 for introduc-
tion of the N*-type source region is formed over the upper
surface 1a of the wafer 1, and for example, vertical ion
implantation is performed using the resist film 35 as a mask to
thereby introduce an N*-type source region 22a. The condi-
tions for ion implantation can be exemplified as follows: ions
of arsenic; implantation energy of, for example, about 30 to
90 KeV; and a dose amount in a preferable range of, for
example, about 8x10'*/cm? to 8x10'%/cm?. After completion
of the ion implantation, the unnecessary resist film 35 for
introduction of the N*-type source region is removed.

Then, as shown in FIG. 19, an interlayer insulating film 37
comprised of, for example, a silicon oxide insulating film or
the like is deposited (in a thickness of, for example, of about
150 to 450 nm) over the entire upper surface 1a of the wafer
1. The interlayer insulating film 37 can be exemplified as an
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appropriate film which is comprised of, for example, a phos-
pho silicate glass film (PSG) and a coated silicon oxide insu-
lating film. The PSG film is deposited by the CVD as a lower
layer (for example, in a thickness of about 150 to 350 nm).
The silicon oxide insulating film is formed of a spin on glass
(SOG) film or the like as an upper layer (for example, in a
thickness of about 50 to 150 nm). Subsequently, a resist film
for formation of a contact hole is applied and patterned by a
normal lithography. The anisotropic dry etching is performed
using the patterned resist film for formation of the contact
hole as a mask to thereby form a contact hole 36 leading to the
silicon substrate, and a coupling hole 38 leading to the poly-
silicon film 24 of the gate electrode end 17 (see FIG. 6).
Subsequently, in this state, the silicon is dug by dry etching,
for example, by about 0.1 to 0.3 micrometers in depth. There-
after, the unnecessary resist film for formation of the contact
hole is removed. Subsequently, the vertical ion implantation
is performed via the contact hole 36 to thereby introduce a
P*-type body contact region 16. The conditions for ion
implantation can be exemplified as follows: ions of BF,; an
implantation energy of, for example, about 10 to 40 KeV; and
a dose amount in a preferable range of, for example, about
8x10™*/cm® to 8x10"/cm?.

Then, as shown in FIG. 20, for example, a TiW film (for
example, containing about 10% by weight of a titanium com-
position and having a thickness of about 100 to 300 nm) is
formed over the entire upper surface 1a of the wafer 1 as the
barrier metal film 20 by sputtering or the like (in barrier
sputtering step S101 shown in FIG. 12). Thereafter, heat
treatment (annealing step S102 shown in FIG. 12) is per-
formed, so that a part of titanium of the TiW film reacts with
silicon contained in the lower layer to form a titanium silicide
film under the TiW film (note that the titanium silicide film is
not shown in the figure for convenience).

Then, as shown in FIG. 21, for example, an aluminum
metal electrode film 10 containing aluminum as a principal
component (for example, produced by adding about 1% of
silicon to high purity aluminum) is deposited in a thickness of
about 2500 to 6000 nm over the entire upper surface 1a of the
wafer 1 by sputtering (in an aluminum sputtering step S103
shown in FIG. 12). Subsequently, a photoresist film is applied
to the entire upper surface 1a of the wafer 1, and patterned by
the normal lithography (in an aluminum photolithography
step S104 shown in FIG. 12). For example, the aluminum
metal electrode film 10 is patterned, for example, by wet
etching using the patterned resist film for processing the
aluminum metal electrode film or the like as a mask (in an
aluminum wet etching step S105 shown in FIG. 12). Thus, the
part corresponding to the upper layer gate wiring 6 of the
aluminum metal electrode film 10 is isolated from the part
corresponding to the metal source electrode 8. Suitable
etchant used at this time can preferably be, for example, the
so-called mixed acid solution, that is, a mixed solution of
acetic acid, nitric acid, water, and phosphoric acid (for
example, of about 70 to 80% by weight). After completion of
the wet etching, cleaning is performed.

Then, as shown in FIG. 22, an exposed part of the barrier
metal film 20 is removed, for example, by isotropic dry etch-
ing (in a barrier film etching step S106 shown in FIG. 12).
Thereafter, an unnecessary part of the resist film for process-
ing the aluminum metal electrode film or the like is removed
(in a resist film removing step S107 shown in FIG. 12).

Then, if necessary, a final passivation film, such as a poly-
imide film, is formed over the upper surface 1a of the wafer 1.

7. Consideration of Preferred Embodiments and
Supplemental Explanation Thereof

In the present embodiment, the metal electrode comprised
of'the barrier metal film as the lower layer and the aluminum
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electrode film as the upper layer (which is much thicker than
the barrier metal film) is patterned by use of a wet etchant
containing a phosphoric acid as a principal component, and
further isotropic dry-etching, which will be specifically
described below. In this case, when voids exist in the alumi-
num electrode film between the gate electrodes, other parts of
the aluminum electrode film which are not to be etched may
be etched by the wet etchant passing through the voids (ab-
normal side etching) in etching the aluminum electrode film.
Similarly, also in the etching of a barrier metal film, the
undesired etching may be caused. The wet etchant (having a
high viscosity because of a high concentration of phosphoric
acid) remains in the void. Upon dry-etching the barrier metal
film, the wet etchant moves to the part which is to be etched,
which generates etching residue. The problems of the undes-
ired etching and the etching residue may also be generated
when changing the wet etching to dry etching. Further, when
changing the isotropic dry etching to anisotropic dry etching,
these problems may also be caused.

In the embodiment, in order to prevent the abnormal side
etching through the voids, the gate electrode coupling por-
tions (or gate electrode coupling bars) exhibiting the dam
effect are introduced into a part of the gate structure. That is,
the gate electrode coupling portion made of the same lami-
nated member as the gate electrode is provided near the
outside of the active cell region with a number of gate elec-
trodes (gate electrode lead portions). The gate electrode cou-
pling portion is provided to have its upper part covered with
the metal electrode film so as to be directed substantially
perpendicular to the extension direction of the gate electrode
lead portion. Thus, the gate electrode coupling portion exhib-
its the dam effect for preventing the invasion of the etchant
(etching solution) from the side.

Accordingly, the gate electrode coupling portion 11, 12
comprises a material suitable for forming a dam that is
capable of preventing a metal electrode etchant (such as the
aforementioned mixed acid solution) present on one side of
the gate electrode coupling portion 11, 12, from etching a
portion of the metal electrode (e.g., the aluminum metal elec-
trode film 10) on an opposite side (e.g., the “active cell side)
of'the gate electrode coupling portion 11, 12. Inthe case of the
first metal electrode 8, the first (near-cell) gate electrode
coupling portion 11 serves as a dam to prevent wet etchant
from reaching the aluminum metal electrode film 10 on the
active cell region side 7. Similarly, in the case of upper layer
gate wiring 6, the second (gate end) gate electrode coupling
portion serves as a dam to prevent wet etchant from reaching
portions of the aluminum metal electrode film 10 located over
the gate electrode end 17.

8. Summary

Although the invention made by the inventors has been
specifically described based on the embodiments, the inven-
tion is not limited thereto. It is apparent that various modifi-
cations and changes can be made to the invention without
departing from the scope of the invention.

For example, in the embodiments, the N-channel type
device has been mainly described specifically, but the inven-
tion is not limited thereto. It is needless to say that the inven-
tion can also be applied to a P-channel device almost as it is.

Although the above embodiments have mainly described
the single device specifically, the invention is not limited
thereto. Obviously, the invention can also be applied to a
composite semiconductor chip (semiconductor device) incor-
porating such an insulated gated power transistor substan-
tially as it is.
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Further, although the above embodiments have mainly
described the silicon device specifically, for example, the
invention is not limited thereto. It goes without saying that the
invention can also be applied to other devices using substrate
material belonging to other series, such as SiC based or SiN
based material, substantially as it is.

The embodiments have specifically described the device
using, as a main surface metal, the electrode (aluminum elec-
trode) including a metal layer as a main component which
contains aluminum as a principal component. However, it is
apparent that the invention is not limited thereto, and can also
be applied to devices using other electrode metals, such as a
tungsten electrode, substantially as it is.

What is claimed is:

1. A method of manufacturing a semiconductor device

comprising the steps of:

(a) providing a substrate having a first main surface and a
second main surface opposite to the first main surface,
the first main surface being for a gate electrode and a
source electrode of a MOSFET and the second main
surface being for a drain region of the MOSFET;

(b) forming a gate insulating film of the MOSFET over an
active cell region in which a channel of the MOSFET is
formed;

(c) forming a gate wiring over the gate insulating film, the
gate wiring having a plurality of gate wiring patterns
arranged at a predetermined interval in a first direction
and extending so as to form a stripe in a second direction
intersecting the first direction in a plan view;

(d) forming a first semiconductor region of a first conduc-
tivity type in the first main surface of the semiconductor
substrate, the first semiconductor region being used as
the source region of the MOSFET;

(e) forming an interlayer insulating film covering the plu-
rality of gate wiring patterns, the interlayer insulating
film having an opening which exposes a part of the first
semiconductor region;

() forming a barrier metal film over the interlayer insulat-
ing film, the barrier metal film being electrically con-
nected to the first semiconductor region via the opening;

(g) forming a metal electrode film over the barrier metal
film, the metal electrode film comprising aluminum as a
principal component and being thicker than the barrier
metal film; and

(h) forming the gate electrode and the source electrode of
the MOSFET each comprising a laminate film of the
barrier metal film and the metal electrode film by
sequentially patterning the metal electrode and the bar-
rier metal film by a selective wet etching,

wherein, in the step of (¢), each of the gate wiring patterns
includes a first portion located at the active region and a
second portion extending to an outside region of the
active region in the second direction,

wherein, in the outside region, the gate wiring includes a
third portion extending perpendicular to the first direc-
tion and formed integrally with the second portion so as
to connect between the second portions of the gate wir-
ing patterns, and

wherein the selective wet etching in the step of (h) is
performed outside of the gate wiring in the active region
and the third portion.

2. A method of manufacturing a semiconductor device

according to claim 1,

wherein, in the outside region, the gate wiring includes a

fourth portion extending perpendicular to the first direc-
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tion and formed integrally with the second portion so as
to connect between the second portions of the gate wir-
ing patterns, and
wherein the third portions and the fourth portions are close
to each other.
3. A method of manufacturing a semiconductor device
according to claim 1,
wherein the third portion is substantially linear.
4. A method of manufacturing a semiconductor device
according to claim 1,
wherein the third portion has substantially the same width
as that of each of'the first portion and the second portion.
5. A method of manufacturing a semiconductor device
according to claim 1,
wherein a width of the third portion in the second direction
is wider than that of each of the first portion and the
second portion.
6. A method of manufacturing a semiconductor device
according to claim 1,
wherein the MOSFET is a power MOSFET.
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